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and out into space. The energy originally
came from the battery B. In the vacuum
tube, F is the filament which is heated by
the battery A, while P is the metal plate and
G is the grid.

Modulation. In order to send signals
on the carrier wave, one may connect a key
in the circuit to start and stop the current
as desired, for instance, to produce the Morse
Code of dots and dashes. If it is desired to
transmit the voice or music, one may con-
nect a microphone as at M in Figure 1. There
are, of course, more elaborate and better
ways of connecting the microphone, such as
the Heising or constant-current method, but
the arrangement shown will work for small
stations.

The microphone is very like the trans-
mitter of the telephone into which you speak;
it offers a certain opposition to the electric
current flowing through it. When you speak
into the mouthpiece of a telephone, you
change this resistance to the current; if you
speak loudly, the fluctuations of the current
are large; if you speak softly, the fluctua-
tions are small. If your voice is low-pitched,
the fluctuations, the increases and decreases
of current, occur slowly but, if your voice
is high-pitched, the rapidity of change is
high. Thus these changes in the current
result and faithfully reproduce the sounds
at the receiving telephone.

The radio microphone likewise modulates
the carrier wave.

Your voice, as such, is not carried out over
hill and dale on the radio's carrier wave;

FIG. 2.    A   MODULATED   CARRIER   WAVE

your voice merely serves to alter the form
of this wave. The transmitting aerial sends
out a modulated carrier wave such as is
shown diagramatically in Fig. 2.

Propagation, Radio waves travel at the
prodigious rate of about 186,000 miles each
second, which is equivalent to seven and one-
half times around the earth in one second,
equal to the speed of light. In fact, light
waves are the same as radio waves except
that light waves are very much shorter.
Radio waves are only a small part of the
total electromagnetic spectrum. They eon-
stttate the long rays at one end of the spec-

trum and have wave-lengths, i.e., distances
from crest to crest, ranging from several
miles down to a thousandth of an inch.
Radio, heat, light, ultra-violet light, X-rays,
and gamma waves are all the same except
that their wave-lengths are shorter and
shorter, in the order named.

Radio waves pass over mountains and
valleys and are but little absorbed by build-
ings or human beings. They travel out in
every direction from the transmitting sta-
tion; hence, the receiving- station or set, lo-
cated at only a small point in the sphere of
transmitted waves, picks up only an infini-
tesimal part of the total energy transmitted.
The carrier waves are truly cast broadly into
space. However, they may be partially con-
centrated along a beam by special types of
aerials.

The receiving set must amplify greatly
the weak signals which the receiving aerial
picks up. Some of the carrier waves travel
skywards and may be returned to earth by
reflection or, more correctly, by refraction
from the ionosphere. The ionosphere, some-
times spoken of as the Kennelly-Heaviside
layer, consists of two and possibly three lay-
ers of electrically charged particles located
from 80 to 400 miles above the earth's sur-
face. These reflecting layers constantly
fluctuate both as to position and as to density,
and probably account for the fading which
we notice in reception of programs coming
from a long distance. In the case of the
shorter radio waves, below 200 meters in
length, those waves which travel close to the
earth, such as, Cf in Figure 3, die out at
about 100 miles from the sending station; ,
the sky-waves, on the other hand, such as
Sj do not get back to earth inside of several
hundred miles. As a result, there is a zone
of silence encircling short-wave transmitters. (
The distance to which a transmitter can
send does not depend on the length of the,
waves wMeh it generates but rather upon; its c
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